Abstract This paper reports on a current project, KNOWMOBILE, that explores how wireless and mobile technologies, in this case how Personal Digital Assistants (PDAs) may be useful in medical education and clinical practice, particularly to access net-based information. KNOWMOBILE is a research collaboration involving academic and industrial partners which aims to support Problem-Based Learning (PBL) and the integration of Evidence-Based Medicine (EBM) in medical education reform in Norway. What does 'just-in-time' access to information mean in clinical settings? How can health professionals be helped with access to the most up-to-date medical information? From a preliminary analysis of the problems of PDAs in use -and nonuse -problems regarding information and communication infrastructure discussed that require work from a social historical interpretation of 'infrastructures' in order to enhance design perspectives and directions for future research. It is concluded that the PDAs should not be regarded as Personal Digital Assistants, but rather as gateways in complicated webs of interdependent technical and social networks.
Introduction KNOWMOBILE (Lundby, 2002) -'mobile opportunities for medical students' is a research and development project exploring just-in-time functionality with Internet-based educational resources on mobile devices, in this case Personal Digital Assistants (PDAs), as compared to stationary equipment and information resources (PCs, telephones, medical reference books). Intended for lifelong learning in a variety of health professions, the KNOWMOBILE project involves medical students during their assignments in the primary health care sector. The KNOWMOBILE project research was carried out during the tenth semester of the new curriculum of the School of Medicine, University of Oslo, while the medical students were on assignments in clinical training in the surgeries of general practitioners (GPs) and in hospitals in Southern Norway.
The project takes up questions regarding how the medical students, dispersed in a variety of local patient care sites, use the Internet to access and apply relevant knowledge and information for their training practice with patients. It also explores how the participating medical students make use of mobile communication and the Internet to keep and build collaborative support structures with their fellow students, their university faculty and local mentoring physicians and medical colleagues, while on their own in hospitals and general practitioners' surgeries.
The field studies show that the medical students only made limited use of the PDAs and the net-based services provided via the PDAs, despite factors designed into the field study that were meant to enhance use. The problematics of PDAs in use and nonuse ared examined by analysing the situated attempts to use the PDAs from a social historical interpretation of information and communication 'infrastructures' that highlight the importance of understanding social and technical networks in medical education and medical practice.
The Case: KNOWMOBILE * Each medical student worked in a general practitioner's surgery for six weeks, then switched to a local hospital for the remaining six weeks of the tenth semester in medical school. Each of the medical students had already obtained a medical doctor's license before the tenth semester assignment. The curriculum design for the semester is to follow patient cases across levels in the health system, and to gain experience for decisions about specialisation in later medical training. In both the general practitioner's surgery and the hospitals, the medical students have a tutor. In the beginning, the tutors had responsibilities for the students' work but eventually the medical students work independently as physicians in the general practitioner and hospital assignments.
Norwegian medical students are encouraged to use information sources on the Internet in their work. This is part of a larger plan in the School of Medicine to make use of the Internet as an arena for learning and for access to Evidence Based Medicine websites. This effort, originally begun by local enthusiasts, included installing desktop computers in all the general practitioner's surgeries and in the local hospitals, organising a team of medical students that work as IT-support (as 'super users'), developing a net-based schedule for the medical school and creating collections of pointers to medical information on the net.
The PDAs and various network infrastructures were introduced into three distinct types of local settings, in order to experiment and learn from situations where various technical solutions may be used in differing practical settings.
Setting A: The problem-based learning group
The pedagogy of medical study in Norway was changed in 1996, giving greater emphasis to group work and problem-based learning (PBL). Hence, the medical students were already familiar with medical problem-solving in a PBL group prior to participation in the KNOWMOBILE project. The PBL groups, with eight students and one tutor in each, normally met face-to-face. During the tenth semester, the same groups solved two PBL assignments using a web-based learning management system (Classfronter). One of the PBL-groups was selected to participate in the KNOWMOBILE project, and was offered the use of PDAs during the semester. The medical students in this PBL group lived in four towns outside Oslo, i.e. they were spatially dispersed both in their assignments to GPs surgeries, their hospital and where they lived.
Setting B: Living together
More often than not, medical students are required to move temporarily and live in a local apartment during their assignments in clinical practice. Five medical students sharing an apartment in Tønsberg for the period of their tenth semester assignments were offered PDAs.
Setting C: Commuting
Some of the medical students continued to live at home in Oslo and commuted to their assigned hospital and GP surgeries in Drammen. A group of five students assigned to the same local hospital were offered PDAs.
PDA models
For settings A and B, the PDA had a small form factor, suitable for carrying around in the pocket of a doctor's white coat. The PDA had no keyboard, and was operated with a stylus pen on a touch screen. It was equipped with standard applications, such as a note taker, offline email * , offline web browser † and a voice recorder (see model at the right in Fig. 1 ).
The commuters (setting C) had a larger model, with a keyboard and a larger screen (see model at the left in Fig. 1 ).
Network connections
In the PBL group (setting A), the PDA did not have any direct connection to the Internet, but content from the Internet could be downloaded during synchronisation with the desktop PCs to which the students had access.
For the group of five medical students living together in the same apartment (setting B), a wireless network with Internet connection was operated at four locations: at two GPs surgeries, at the apartment and in the teaching facilities in the local hospital. The PDAs could access this network by means of a small wireless network card that fitted into the PDA.
For the medical students commuting from Oslo to Drammen (setting C), GSM cellular phone cards were fitted into the PDAs. Hence, the students had access to the * Offline email: Contents of email messages are copied to and from the PDA during synchronization, enabling the user to read and write email without an Internet connection. † Offline web browser: Contents of dedicated and selected websites are copied to the PDA during synchronisation, enabling browsing when no Internet connection is available. (Provided by AvantGo, see http://avantgo.com.) Internet at home, during commuting, and in the GPs' surgeries. Hospital regulations prohibited use of the PDAs for Internet access or mobile communication within the local hospital * .
Available medical information
There were two categories of information available on the PDA: information downloaded to the PDA memory, hence available regardless of network connection, and information sources accessed on the Internet. In the first category, students were provided with an electronic version of a medical methods handbook (in Norwegian: Metodehåndbok for turnusleger), as an 'e-book'. The paper version of the handbook was developed by the School of Medicine and students often referred to it as an important and familiar information resource that is usually readily at hand. The e-book version was developed in the KNOWMOBILE project by means of a conversion of the original electronic manuscript, and some manual editing (e.g. creating hypertextual links and rearranging tables and figures). This e-book was always available on the PDAs, regardless of network connectivity.
In the second category, a web portal with a collection of pointers to medical information on the net was provided. The portal formatted the web pages according to the PDA screen size. This pointer collection was retrieved from the medical school database of medical resources on the net.
Technical support and resources
There were about as many technical support personnel as medical students (18) in the project. Those providing technical support were students from the School of Medicine who were 'super-users' with special interests in ICT, and master students from the Department of Informatics, whose masters thesis research and writing were based on the KNOWMOBILE field studies (Ellingsen 2002; Finkenhagen & Haga 2002; Gallis & Kasbo 2002; Hsu 2002) .
Research method and development

Intervention based research
The field study for this research and development project lasted 12 weeks, during September to December 2001. Although all decisions about how, when and why to use or not use the PDAs were left to the participating medical students, the KNOWMOBILE project also entailed active interventions designed by the Informatics masters students providing technical support. In devising such interventions, the Informatics masters students were supervised by members of the project team. In addition to the research discussed here, the KNOWMOBILE project involved researchers from Norway, Sweden and the United States from diverse disciplines, including pedagogy and sociology as well as informatics, medicine, communication and media studies.
Methods used in the Informatics field studies included walk-throughs, interviews, participant observation and video documentation. Certain of the field studies by the Informatics masters students were framed by the principles and methods of 'contextual inquiry' (Beyer & Holtzblatt, 1998) , a user-oriented approach to technology design Kasbo et al. 2001; Gallis & Kasbo 2002) . How do medical students obtain information that is relevant for medical practice? What information sources do they use and for what purposes? What information and communication media are preferred by the individual medical student and physician in order to find varying types of information? What preferences do medical students and medical colleagues have for varying communication practices and modes of communication? How do time, proximity and urgency affect information seeking, information access and modes of communication?
The video documentation was conceived as video ethnography, part of the overall contextual inquiry and participant observation approach, building on the field studies by the Informatics masters students and, crucially, on the working relations, rapport and trust established with the participating medical students. The foci for the video documentation were also framed by the substantive concerns of the KNOWMOBILE project's multidisciplinary research partners and by an activity theoretical approach to delineation of units of analysis (Kuutti, 1991; Kuutti, 1999) . Colleagues carried out the video documentation, in consultation with the Informatics masters students and KNOWMOBILE project director during one week close to the end of the field study (5-10 November, 2001). The video documentation has been used subsequently by the Informatics masters students for analysis and reflection. The video documentation has also proved useful to communicate concepts and findings of the KNOWMOBILE research regarding experimentation with the PDAs and problematics of PDA use in practice, in ways that facilitate discussion of future research directions and implementation.
Video documentation in technology design
Video documentation has been used to create resources for analysis and reflection upon social practices and technology design. Potential values of video documentation can be summarised as follows: • video recording creates permanent primary records as resources that can be shared as 'springboards for discussion' between researchers and practitioners whose activities are recorded, facilitating reflective review by both multidisciplinary researchers and practitioners; • repeated viewing can reveal antecedents, patterns that emerge over time, and phenomena which were at first invisible to participants and researchers; • audiovisual records can help to counteract biases of field notes and other methods which rely on reconstruction of events by researchers; • by approximating direct observations, video provides a shared resource to overcome gaps between what people 'say' and what they 'do'; and • video can be used to 'map' collaborative but temporally and spatially distributed activities among members of teams, making it possible to go beyond what any individual can see and perceive in and from a given moment, location and perspective (Suchman & Trigg, 1991; Jordan & Henderson, 1994) .
Foci for video documentation in KNOWMOBILE
The initial research foci proposed for the video documentation in the KNOWMOBILE project were:
• Technical Research and Development of mobile technology to support learning and practice: uses of mobile devices to access information and for communicative actions; uses of mobile technology in social, learning, and practice-related interactions; • Problem-Based Learning in medical education: uses of mobile technology, PCs (stable computer technology) and shared workspaces (interactive computersupported media for collaborative work) in the Problem-Based Learning exercises as a central feature of the medical education reform; • Evidence-Based Medicine in clinical practice: uses of mobile technology and other information and communication technologies (for on-line and off-line communication and interactions) in clinical practice, e.g. to search for information on the net relevant to medical problems presented by patients, or for mentoring by medical faculty. Based on the field work of the Informatics masters students, preliminary analyses and working relations established with the participating medical students, the research foci were subsequently modified, with the goal to see a mix of activities for which the students may or may not use the PDAs and the applications the PDAs offered:
• in clinical practice; • in collaboration in learning (for example, in the PBL exercises) and access to the e-book and evidence-based medicine information via the Internet (e.g. the Cochrane and Medline databases in addition to the e-book); • in informal training to encourage use and experimentation with the PDAs, including 'interventions' (e.g. for awareness of when others were online) by the Informatics masters students providing technical support and other project members; and • in social interaction and communication.
For the video documentation, it was important to identify units of analysis that make it possible to see two or more threads of research interest dynamically.
Lessons learned
These observations are compiled from the field studies conducted by the Informatics masters students who actively participated in the project. In the first part of the project (weeks 1-4) the master students did interviews, observations and walkthroughs with the medical students at their workplaces, their apartment and while commuting (cf. setting A, B and C in section 2), but this changed in the latter half of the field study when the master students designed and introduced interventions, e.g. they set up experiments with instant messaging and use of the electronic handbook (setting B and C).
The Informatics masters students made use of exemplary instances (exemplars) from the video documentation to represent key concepts or provide more detailed analysis and for reflective analysis of their own technical support practices.
The main findings from the field study point to several factors that act as barriers to widespread use of PDAs. All students were eager to test the PDAs and wanted to investigate how the PDAs could be useful in their learning. However, the medical students did not use the PDA for information gathering. Hsu (2002) points to several reasons for this:
• Usage patterns involving other informational artefacts various reference books and other information sources are well established. The use of PDAs never challenged the usability of these.
• Few web sites are adapted to the PDA screen size, and hence they are not very usable in terms of overview, and interaction. For the GSM connected PDAs (cf. setting C) the slow transmission of webpages was also an important factor. • The applications provided on the PDA did not sufficiently match the needs of the learners. The information that was specially prepared for and downloaded to the PDA by means of a medical handbook in the format of an e-book, was not used. Gallis & Kasbo (2002) point to several reasons for this:
• There was a misfit between the e-book and the purposes for which it was used.
• The PDA did not to a sufficient degree support just-in-time interactions.
• The PDAs version of the medical handbook did not carry many of the properties of paper-based artefacts. Field experiments showed that students experienced problems in working across different applications and information resources on the PDA, for example there were problems in cutting and pasting material from one application to another, which limited the usefulness of the PDA as a communication device (Ellingsen 2002) .
The medical students also experimented with using the PDA as a communication device. While the field studies indicate that the PDA was useful for sending and receiving SMS messages, this feature only proved to be useful to organise social events after hours. The experiment in the project offering a messaging service that was designed for and around the group of learners in order to support collaborative learning, was not successful. There were several reasons for this, both technical (messages were delayed, contacts lists were not updated), and social (the 'instant messaging' service could not compete with the existing communication infrastructure of pagers and telephones in hospitals, as these work very effectively) (Finkenhagen & Haga 2002 ).
An information and communication infrastructure perspective
From the research in the field study, analysis of preliminary findings and consideration of questions generated from the KNOWMOBILE research, it was found that many of the problems that confronted possible uses of the PDAsresulting in nonuse or 'walking away from the PDA' (Gallis & Kasbo 2002) -are related to complexities of infrastructure. On one hand there are numerous technical requisites for viable PDA use that must be in place, maintained and learned (including acquiring new habits of caring for and interacting with a new technology). On the other hand, existing infrastructure -availability of stationary PCs, SMS via cellular phones, rapid and systematic paging systems in hospitals -also mitigated against PDA use. Yet it is necessary to reconceptualise information and communication infrastructures carefully to gain deeper appreciation of their socio-historical character as a critical step in expanding understandings of the complexities of such infrastructures.
In parallel with analysis of the findings from the empirical research, there is a need for theory-building to deepen the insights going forward regarding design and development of mobile technologies. For this, the theoretical work in sociohistorical or cultural historical activity theory and actor-network theory is helpful.
For example, Hanseth & Monteiro (1997) employ a 'minimalist variant' of actor-network theory, particularly making use of the concepts of translation and inscription (following Callon, 1991) , to conceptualise information infrastructure to analyse case studies of standards development for information infrastructure building. Star (1989) points out that network-building always implicates multiple networks (see also Berg, 1997; Sandahl, 1999) . How a technology is linked to its context also depends on what is inscribed into other networks whose interests, actors/actants (human and artefactual), and representations must be translated, enrolled and aligned into the larger actor-network required for information infrastructure building and standardisation.
IS/IT analysis and design from an activity theory perspective includes the early, influential work by Bødker on user interface design for work practices (Bødker, 1991) and work by Kaptelinin on human computer interface design and use (Kaptelinin, 1996) . Furberg & Berge (2002) analyse the potentials of handheld devices in learning situations from social-cultural activity theory (and social-cultural theories in the broad sense). Fjuk and Smørdal apply socio-historical or cultural historical activity theory in discussing how networked computers play 'incorporated roles' in collaborative learning (Fjuk & Smørdal, 1998) . Generally, there is movement towards integrating interdisciplinary and multidisciplinary approaches. Sjöberg notes the latter trend:
With the emerging third generation, activity theory is moving from the starting point with development, history and "zone of proximal development" to also focus on cultural diversity, multivoicedness, dialogue, macro-level networks, networks of activity and boundary crossing' (Sjöberg, 1996) . Current work in activity theory seeks to combine actor-network theory's emphasis on the development of networks and the power of infrastructures with activity theory's emphasis on artefactual mediation and development of activities and social practices in cultural-historical contexts (Miettinen, 1998; Bratteteig & Gregory, 1999; Miettinen, 1999) . Combining theoretical concepts can be helpful in analysing interrelated networks, heterogeneity, boundary crossings and contradictions. By doing so, it appears that such theoretical work can also inform design frameworks.
Design related to the networks involved (social and technical)
Better understandings are needed of the commonalities and divergences between and amongst the networks of designers of wireless and mobile technologies, medical practitioners in general practice and in specialised hospital-based care, and medical educators concerned with problem-based learning and the promotion of evidencebased medicine.
Design should not only be concerned with creating a standardised and possibly closed information-and communication environment which is mediated by PDAs, but should also be based on existing information sources and communication means already implemented and used. This could be achieved by creating gateways between networks, thus integrate parts of existing social and technical resources, and make them available on the PDAs. This implies finding ways to relate and align multiple activity systems, which will be subject for further theoretical research.
Results
• Empirical: Infrastructure plays an important role that deserves more attention in research regarding wireless and mobile technologies.
• Theoretical: A social historical conceptualisation of infrastructure in relation to social and technical networks is needed to gain further insights for the design and development of potential uses of mobile and wireless technologies.
• Design: PDAs should be regarded as potential gateways rather than as personal digital assistants of individuals.
Conclusions
The experiences of the participating medical students and researchers and multidisciplinary research collaborators suggest practical insights for technology design and implementation. They also provoke a re-conceptualisation of information and communication infrastructures to emphasise their social historical constitution and how vitally they are embedded in social and technical networks. From such a socio-historically rich perspective, it is proposed that the PDAs should no longer be regarded only or primarily as Personal Digital Assistants, but rather as potential gateways in complicated webs of interdependent technical and social networks.
